Introduction
Developments in particle accelerators, detection techniques and advances in theoretical and computational methods opened a new frontier in hadron physics. In recent years these have led to the tantalizing possibility that hadron spectrum may contain states that do not belong to the conventional quark model classification.
Confinement is the distinguishing feature of QCD and understanding its origins is one of the fundamental questions in physics [1] . Using lattice gauge simulation it is now not only possible to study how the confining force between color sources develops abut also make prediction for how the gluon field contributes to the hadron spectrum. In this talk I discuss the theory and phenomenology of hybrid mesons, which are expected to carry excitations of the gluon field.
Hybrid mesons
Quantum numbers of ordinary mesons are obtained by combining quantum numbers of the quark and the antiquark. For a specific quark flavor, the spin, parity and, in the case of neutral mesons, charge conduction are given by J = S + L, P = (−1) L+1 , C = (−1) L+S , with L = | L| being the relative orbital angular momentum and S = | S| = 0, 1 the total quark spin. From these relations it follows that certain combinations of the J PC 's cannot be associated with astate, e.g.
These are referred to as exotic. In the past they were also referred to as exotics of the second kind with the first kind reserved for flavor exotic states, e.g. isospin-2 mesons to strangeness +1 baryons. In general exotics must contain other degrees of freedom besides the valance quarks. Numerous studies of exotics spectrum have been made using a variety of phenomenological models [2, 3, 4, 5, 6, 7, 8, 9] , but only recently, with advances in lattice gauge simulation we have a much stronger evidence that such states might indeed exist [10, 11, 12, 13, 14, 15] . It should be noted, nevertheless that hybrids, just like other ordinarystates with masses above open decay channels become unstable resonances, and therefore are not directly accessible nether to experiment nor to numerical simulation. Various methods for extrapolation "beyond the real axis" can be used to identify a resonant state. In particular in the case of the lattice, which suffers from lack of rotational symmetry, finite volume effects, chiral extrapolation issues, etc. novel methods are at present vigorously explored [16, 17, 18, 19, 20, 21, 22] . It is important to note that even without the full machinery for mapping resonance poles of the scattering amplitude onto the finite volume lattice spectrum implemented, the existing finite volume signatures of hybrid meson are just as robust he signatures of other well establishedresonances e.g. the ρ meson.
The lattice hadron spectrum of the isoscalar and isovector mesons (gray lines) is shown in Fig. 1 [14] . For the isoscalar states the length of the green and black lines indicates the degree of mixing between the strange and non-strange component, respectively. With the exception of states enclosed in the boxes that are discussed below, the energy levels in the left (negative parity) and the right (positive parity) columns are in a remarkable agreement with the quark model expectations. For example in the J PC = 1 −− sector, aside the extra flavor multiplet shown in the box, the other three flavor multiplets, one at 0.9 GeV and two at 1.8GeV can be classified as the ground state and the first two vector meson excitations. In the quark model, the ground state vector mesons have L = 0, S = 1 and the first excitation is either in the radial or orbital direction with L = 0 and
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Instead the additional vector multiplet, which contains the states highlighted in the box, including the heaviest ss component, is found below 2.5GeV. More importantly, lattice measurement of the wave function overlap with various quark and gluons field operators shows that while the ground and the first exited states have largest overlaps with the quark model-type operators, the boxed states overlap mainly with operators that, in addition to quark fields contain magnetic gluon fields. All these states must therefore have large gluon component in their wave functions. The right column in Fig. 1 shows states with exotic quantum numbers. These can only overlap with operators that have other fields besides those that can be reduced to the valence quark operators and obviously cannot be accounted for by themodel. A similar pattern ofand hybrid mesons has also been established for the lattice charmonium spectrum. To summarize, independent of the quark mass and flavor, lattice computations indicate that there might be a multiplet of hybrid mesons located between the first and the second resonance region, which contains nearly degenerated states with J PC = 0
h quantum numbers (with the subscript h appended to distinguish them from the regular quark-model states), including the 1 −+ h as the lightest exotic.
Hybrids in Coulomb gauge
The appearance of a four-state hybrid meson multiplet was predicted in [23, 24] in a model based on the analysis of the gluon spectrum of canonically quantized QCD in the Coulomb gauge. In a pure YM with static quarks, the Coulomb gauge calculation of the spectrum of gluon excitations gives results [25] , which are consistent with lattice determination of the quark-antiquark adiabatic potentials [26, 27, 28] . In particular, as the relative separation between the quark and the antiquark is taken to zero, the excited gluon field forms a state referred to as a gluelump. Lattice determination of the gluelump spectrum shows that the lowest energy state has quantum numbers of J PC glue = 1 +− [29] . This is quite an unexpected result, since the gauge field describes a 1 −− gluon.
The appearance of the 1 +− as the lowest energy state corresponds to a 1 −− gluon bound to the static,color octet in a P-wave orbital. Indeed, it can be shown that the non-abelian Coulomb potentials reverses the order of even and odd-parity orbitals, pushing the S-wave above the P-wave. The appearance of a four-state lowest multiplet of hybrids can therefore be explained. These hybrids contain the ground state constituent, color-octetpair and the ground state 1 +− quasi-gluon. Coupling J PC 's of the quark pair, J PC quark = 0 −+ or 1 −− corresponding to zero orbital angular momentum and S = 0, 1, respectively, to the gluon J PC 's yields precisely the quantum numbers of lattice hybrids discussed in Sec. 2.
One can push this phenomenology further, by considering radiative transitions [11] . The multipole (low-photon energy) expansion may be an OK approximation for transitions between hybrids and the ground state or first excitedmesons. Photon emission has both quark spin-flip and nonflip components. The former is a relativistic effect O(1/m) and it is suppressed for emissions from heavy quarks. Indeed, the measured radiative decay widths of the leading, M1 quark-spin flip transitions betweenstates, e.g. J/ψ(1 −− ) → γη c (0 −+ )) are of the order of a few keV's, while for the non-flip E1 transitions, e.g χ c0 (0 ++ ) → γJ/ψ(1 −− ) are O(100) keV.
The quark-spin content of the non-exotic low lying hybrids, is predicted to be exactly opposite to that of the correspondingmesons. That is, the vector hybrid has S = 0 and pseudo-scalar and pseudo-tensor have S = 1 while thevector has S = 1 and the other two S = 0. Thus the order of magnitude of the magnetic dipole, M1 transitions from the four hybrids (including the exotic) are expected to be larger than the M1 transitions betweenstates and similar to the electric dipole E1 transitions betweenmesons. Ignoring hyperfine interactions the four lightest hybrids are near degenerate and have similar orbital wave functions. Thus the following decays are expected to have similar M1 matrix elements [32] , for (S = 1) → γ(S = 1): 0 
Experimental Status
In recent years, BaBar, Belle, BESIII and CDF have all reported possible signatures of charmoniumlike states, which do not fail into the quark model classification [33] . One of the latest additions to the new "XYZ" resonance category is the charged chromium state, the Z ± c (3900) seen in the mass spectrum of the J/ψπ ± events from the Y (4260) → Jψπ + π − decay [30, 31] . The Y (4260) is also one of these new states and it is by now rather well established. It was discovered by BaBar [34] through initial state radiation in e + e − annihilation and confirmed by Belle [35] and CLEO [36] . There have been attempts to associate the Y (4260) with a quark model state [37] . The problem is that nearby quark-model "slots" in the 4S and 2D multiplets are more likely to be associated with the ψ(4415) and ψ(4160), respectively. In fact the Y (4260) is the natural candidate for the 1 −− h hybrid state discussed above. There is also a candidate for the ss analogue, the Y (2175) seen by Belle [38] . In the light quark sector, searches have focused on hybrids with exotic quantum numbers, specifically the 1 −+ h . A review of the experimental results can be found in [39] . The most recent sighting comes from the measurement by the COMPASS collaboration [40] of the η π angular distribution as a function of the pair's invariant mass in the reaction π − p → η π − p. The η π system in the relative P-wave has the 1 −+ exotic quantum numbers thus a resonance in this system in the mass range 1.6 − 2 GeV would be a natural candidate for lightest exotic. In the past the VES collaboration [41] reported a strong intensity and phase motion characteristic to a broad resonance. The E852 experiment at BNL [42] also found a likely resonance with parameters consistent with the VES measurement. By fitting the intensity and phase of the η π P-wave to a Breit-Wigner resonance E852 determined the mass and width of the exotic resonance to be M = 1.597 +0.045 −0.010 ± 0.010, Γ = 0.340 ± 0.50 ± 0.04.
Summary
This talk focused on phenomenology of hybrid hadrons. There is a growing theoretical evidence that quark-gluon hybrids should appear in the hadron spectrum and there exist experimental signatures of such states. The new experiments at the various hadron facilities are generating complicated data sets. Uncovering the mysteries of hadron spectrum demands a qualitatively new level of sophistication in analysis never before achieved. Reaction dependent amplitude are currently been developed to take full advantage of the information contained in the experimental data.
